To explore potential probiotics in the traditional foods of Indonesia, fermented mare milk produced in Sumbawa Island was investigated in this study. Gram stain, catalase activity, gas production, cell morphology, carbohydrate utilization pattern, and 16S rDNA sequencing were performed to identify isolated lactic acid bacteria. To assess their probiotic ability, tolerance of low pH, bile salts, artificial gastrointestinal fluids, and adhesion properties to extracellular matrices, were examined. In total 27 strains, 25 Lactobacillus rhamnosus and two Lactobacillus fermentum, were obtained. Among the isolated lactobacilli, three Lb. rhamnosus strains, FSMM15, FSMM22, and FSMM26, were selected as candidates for probiotics, using Lb. rhamnosus GG as index. In vitro binding assay of the three strains against several extracellular matrix proteins revealed that FSMM15 and FSMM26 gave greater binding ratios of mucin/bovine serum albumin (BSA) and significantly higher adhesive abilities to fibronectin than Lb. rhamnosus GG. FSMM22 showed significantly higher adhesion to laminin than Lb. rhamnosus GG.
Probiotics are defined as live microorganisms which when administered in adequate amounts confer a health benefit on the host. 1) They can reach the gastrointestinal (GI) tract alive, and exhibit their health promoting effects in the host, even though they colonize the GI tract only temporarily. Hence their ability to adhere constituents of the GI mucosal layer such as mucin 2) and also to extracellular matrix (ECM) components including fibronectin, 3) laminin, 4) and collagen 4) is a key function of probiotics in promoting beneficial health effects, as well as their antibacterial 5) and immunomodulatory 6) activities.
Probiotics can protect the host defensive mechanism against pathogenic infection in the gut lumen. Rapid formation of microbial communities is considered to reduce pH and to compete with pathogenic bacteria for adhesion sites, resulting in prevention of pathogenic colonization. 7) Secretion of antibacterial substances, e.g., acetate 8) and bacteriocin, 9) also prevents the growth of pathogens. Some lactobacilli 10) and probiotic Escherichia coli 11) stimulate human intestinal barrier functions through induction of epithelial -defensin.
Several glycoproteins are localized on the surface of the basement membrane (BM), a thin layer surrounding epithelial tissues, nerves, fat cells, and muscles. 12, 13) These including laminin, type IV collagen, perlecan, and entactin/nidogen which assemble into fibrils or other complex macromolecular arrays. Their bind ability to adhesion receptors enables a tight association with the cell surface. 14) They are frequently targeted by pathogenic bacteria that express surface proteins with affinity for ECM proteins. [15] [16] [17] In this context, the ability to adhere ECM proteins expressed on the surface of BM is one of the most important criteria in selecting probiotics, which potentially interfere with infection pathogenic bacteria in the GI tract. 18) Fermented dairy products are believed to be promising sources of probiotics because of their history in the human diet and functionality. From dadih, a traditional Indonesian fermented buffalo milk, Lactococcus lactis IS-16183 and Lb. rhamnosus IS-7257 were isolated as potential probiotics inhibiting the adhesion of E. coli O157:H7 to human mucin in vitro. 19) Lb. casei Zhang, Lb. helveticus ZL12-1, and Lb. plantarum BX6-6 were isolated from koumiss, a traditional fermented alcoholic beverage prepared from mare milk in Inner Mongolia, as showing antimicrobial activities. 20) Lb. salivarius, Lb. buchneri, and Lb. plantrum I were also found in koumiss by Danova et al. 21) Lb. paracasei UI14 and Weissella y To whom correspondence should be addressed. Tel: +81-15-549-5564; Fax: +81-15-549-5577; E-mail: fuku@obihiro.ac.jp Abbreviations: ATCC, American Type Culture Collection; BM, basement membrane; BSA, bovine serum albumin; CFU, colony forming unit; DDBJ, DNA Data Bank of Japan; ECM, extracellular matrix; FSMM, fermented Sumbawa mare milk; GI, gastrointestinal; LGG, Lactobacillus rhamnosus GG ATCC53103; MRS, de Man-Rogosa-Sharpe; PBS, phosphate-buffered saline; PCR, polymerase chain reaction confusa UI7 were isolated from whey and cheese respectively from Nigerian cow's milk. 22) Furthermore, Lb. acidophilus E2 and Lb. casei G12 were selected as potential probiotics from traditional fermented yak milk. 23) Mare milk is traditionally utilized as a dairy product in Central Asia, Mongolia, and the former Soviet Union, where it provides a critical nutritional source. 24) In addition, Sumbawa Island, located in the middle of the Lesser Sunda Islands of Indonesia, is a production area for mare milk and fermented products of it, which are believed to possess beneficial functionalities. Literature on Sumbawa mare milk and its fermented products is scarce, although it is an attractive resource for exploring novel beneficial compounds and microorganisms. For example, Sujaya et al. isolated Lb. rhamnosus SKG34 and SKG49, which showed tolerance of acidic conditions at pH 2 and 3, from raw milk of the Sumbawa mare, 25) but nothing has been reported to date on the isolation of lactobacilli from fermented Sumbawa mare milk (FSMM). In this study, we performed screening of potential probiotics from FSMM, focusing mainly on lactobacilli, in relation to their ability to adhere the colonic mucin and two ECM proteins, including fibronectin and laminin. To our knowledge, this is the first report of the isolation of potential probiotic Lb. rhamnosus strains from FSMM produced in Indonesia.
Materials and Methods
Sample collection. Fermented mare milk (approximately 300 mL) was donated by a farmer on Sumbawa Island of Indonesia. Mature mare milk was collected manually in plastic containers in December 2010, and then kept at ambient temperature for 1 week at the farm, which allowed spontaneous fermentation by microorganisms that persisted from previous fermentation in the same container, without any additives. After fermentation, the fermented milk was transported at ambient temperature to Udayana University in Bali and immediately subjected to procedures to isolate lactobacilli.
Isolation of lactobacilli from FSMM. A 100 mL-aliquot of FSMM were mixed with 5 mL of de Man-Rogosa-Sharpe (MRS; Oxoid, Basingstoke, UK) broth and incubated statically at 37 C for 48 h under aerobic conditions. A 10-fold dilution series (10 2 -10 3 ) of the mixtures was performed to give 30-300 of colony forming units (CFUs), and each diluted mixture was spread on MRS agar plates supplemented with 1.1 mM bromocresol purple, and was incubated anaerobically at 37 C for up to 48 h. 26) Single yellow colonies were randomly selected from the MRS agar plates, transferred into test tubes containing 5 mL of MRS broth, and incubated statically at 37 C for 24 h under aerobic conditions. The culture broth was again subjected to dilution and was streaked onto MRS agar plates for purification. Single colony isolation was performed, and the resulting pure isolates were stored at 4 C in stab agar or at À80 C in 30% glycerol for further investigation. Gram staining properties, catalase activity, gas production with glucose as carbon source, and cell morphology were confirmed for initial characterization of all isolates. 27, 28) Identification of the isolated lactobacilli. The isolated lactobacilli were characterized by carbohydrate utilization test using an API 50 CH kit (bioMérieux, Marcy I'Etoile, France) following the manufacturer's instructions, and by 16S rDNA sequence analysis. 29) Two type strains, Lb. fermentum American Type Culture Collection (ATCC) 14931
T and Lb. rhamnosus Japan Collection of Microorganisms (JCM) 1136
T , and Lb. rhamnosus GG ATCC53103 (LGG), one of the most intensively investigated probiotics, isolated from the GI tract of healthy humans, 30) were used as controls. The isolates were grown in 5 mL of MRS broth at 30 C or 37 C for 24 h. One mL of the broth culture was centrifuged at 12;000 Â g for 5 min at 4 C, and then the cells mass was washed twice with phosphate-buffered saline (PBS). The cell mass was resuspended in PBS, and then an aliquot of the culture broth was mixed with API CHL medium to give the equivalent of 2 McFarland turbidity standard. Inoculated medium (100 mL) was applied to the API strips and covered with mineral oil. Fermentation was observed after incubation for 24 and 48 h anaerobically at 30 C and 37 C. Carbohydrates fermentation profiles were analyzed by Apiweb (https://apiweb.biomerieux.com/ servlet/Authenticate?action=prepareLogin).
Genetic identification was done by sequencing of the variable area, V1-V3, of the 16S rDNA.
31) The isolates were amplified by colonypolymerase chain reaction (PCR) using 16S 27F (5 0 -AGAGTTTGA-TCCTGGCTCAG-3 0 ) and 16S 520R (5 0 -ACCGCGGCTGCTGGC-3 0 ) as universal primers. 29) ExTaq DNA polymerase (Takara Bio, Ohtsu, Japan) was used following the manufacturer's instructions. PCR reaction was performed as follows: first denaturation at 95 C for 2 min, 35 cycles of 95 C for 30 s (denaturation), 55 C for 30 s (annealing), 72 C for 30 s (extension), and the final extension at 72 C for 7 min. After colony-PCR amplification, the PCR products were purified using a GenElute PCR clean-up kit (Sigma-Aldrich, St. Louis, MO) following the manufacturer's instructions. Sequencing reaction was performed using approximately 40 ng of the amplicon as template, 16S 27F as primer, and a BigDye terminator v1.1 cycle sequencing ready reaction mix kit (Life Technologies, Carlsbad, CA) following the manufacturer's instructions. The reaction products were purified by ethanol precipitation and analyzed using an automated 310 DNA sequencer (Life Technologies). Identification to the species level was defined as 16S rDNA sequence similarity with the prototype strain sequences in the DNA Data Bank of Japan (DDBJ) and the National Center for Biotechnology Information. When the two databases gave different results, identification was done by the criteria of Dobson et al.
32)
Tolerance of low pH and bile salts of the isolated lactobacilli. The isolated strains were tested for their ability to resist low pH and bile salts.
LGG was used as control. Because the pH value of gastric acid varies in a range of about 1.5-4.5 over a period of 2 h depending on a food's entering time and the gastric contents, 33) the pH value of the MRS broth was adjusted to 2.0, 3.0, and 4.0 by 1 M HCl. Cells were pre-cultured in 5 mL of MRS broth at 37 C for 18 h, and then a 1-mL aliquot of the culture broth was harvested by centrifugation at 15;000 Â g for 5 min and washed twice with PBS. The cells were suspended in 100 mL of PBS and incubated in 5 mL of fresh MRS broth at various pHs at 37 C for 3 h. After incubation, 50 mL of the culture broth was appropriately diluted with PBS and then streaked on MRS agar plates. Viable cell numbers were counted after anaerobic incubation at 37 C for 36 h. Tolerance of bile salts was verified by inoculating 100 mL of cells pre-cultured for 18 h into 5 mL of MRS broth containing 0.3, 0.5, and 1% bile salts (Oxoid). After 4 h of incubation at 37 C, viable cells were counted as described above.
Transit tolerance of the isolated lactobacilli as against artificial gastric and intestinal fluids. The transit tolerance of the isolated strains as against simulated gastric and intestinal fluids was tested as described by Fernández et al., 34) with minor modifications.
LGG was used as control. One mL of 18-h culture-broth was harvested by centrifugation at 15;000 Â g for 5 min at 4 C, washed with sterilized PBS, and suspended in 100 mL of PBS. The cell suspension was added to 900 mL of artificial gastric fluid (125 mM NaCl, 7 mM KCl, 45 mM NaHCO 3 , 3 g/L pepsin, pH 2 and 3 adjusted with 1 M HCl). The bacterial suspensions were incubated at 37 C for up to 180 min with agitation (160 rpm). Aliquots of the mixture (50 mL) were taken at 0 and 180 min of incubation, an appropriate dilution of the aliquot was streaked on MRS agar plates, and then this was incubated at 37 C for 36 h under anaerobic conditions, followed by counting of viable cells. The resistance of the strains to intestinal fluids was determined as follows: The resting cell suspension, exposed to artificial gastric fluid for 180 min, was centrifuged at 15;000 Â g for 5 min at 4 C. The cells were washed using PBS buffer and then resuspended into 850 mL of simulated intestinal fluid (0.1% pancreatin, Sigma-Aldrich, 0.15% bile salts, pH 8.0 adjusted with 1 M NaOH). The suspension was incubated anaerobically at 37 C with agitation (160 rpm) for 180 min. After incubation, a 50-mL aliquot was subjected to counting of viable cells as described above.
Adhesion properties of the isolated lactobacilli to two ECM proteins. Out of 27 isolated lactobacilli, 14 strains which were reculturable from the stab agar transferred from Indonesia to Japan were checked for their adherence to several ECM proteins.
LGG was used as control. Porcine colonic mucin was purified from the porcine large intestine by gel filtration and density-gradient centrifugation by the method of Kodaira et al. 35) Other ECM proteins, fibronectin and laminin, were purchased from Collaborative Biomedical Products (Bedford, MA) and Upstate Biotechnology (Lake Placid, NY) respectively. The ECM proteins with bovine serum albumin (BSA, Sigma-Aldrich) as negative control were immobilized on a 96-well plate as follows: Each 1 mg/mL of mucin, 100 nM fibronectin, 100 nM laminin, and 1 mg/mL BSA in 50 mM phosphate buffer (pH 7.5) was incubated at 4 C for 12 h, and then blocking was done with 1.0% BSA in PBS at ambient temperature for 1 h. Each of the isolated strains and LGG grown in MRS broth at 37 C until the absorbance at 600 nm reached 1.0 was washed twice with PBS, and then 100 mL of bacterial suspension (1 Â 10 9 CFU/mL) was applied to the ECMs-coated 96-well plate. After incubation at 37 C for 1 h, these were washed 3 times with 0.1% BSA in PBS. Attached cells were collected with 100 mL of 0.01% Triton X-100 in PBS. The suspensions were plated on MRS agar to determine numbers of adhering bacteria by colony plate counting.
Statistical analysis. Results were expressed as means and standard deviation. Data for five independent replicates were subjected to oneway analysis of variance (ANOVA) with Dunnett's multiple comparison of means test, using XLSTAT 2011 and Statcel2. A p value of less than 0.05 was regarded as indicating a significant difference.
Results and Discussion
Isolation, characterization, and identification of lactobacilli in FSMM
In total of 27 pure isolates were obtained from the FSMM following the procedures described above. All the isolates were primarily assigned lactobacilli, since they appeared as Gram-positive rods without catalase activity (data not shown). Of the 27 isolates, 24 homofermenter rods and one gas producing isolate were tentatively identified as Lb. rhamnosus and Lb. fermentum respectively, and two were not clearly assigned to the species level based on their carbohydrate utilization profiles (Tables 1 and 2 ). For further identification, a homology search using the 16S rDNA sequence was conducted. The sequence data were deposited at DDBJ under consecutive accession nos. AB703579 to AB703605 ( Table 2 ). All the strains, except for the two strains identified as Lb. fermentum, were highly similar (97-100% homology) to Lb. rhamnosus by database search (Table 2) . FSMM9 was Lb. fermentum based on high 16S rDNA sequence homology (99%) to Lb. fermentum strain VB1 (accession no. JQ073735), although their carbohydrate metabolism patterns were not coincident.
Among traditional fermented milks, Lb. rhamnosus has to date been found in kule naoto (made from zebu cow's milk in Kenya) 36) and gariss (made from camel's milk in Sudan) 37) as minor species, and in dadih (made from buffalo's milk in Indonesia) 19, 38) as major species together with Leuconostoc paramesenteroides and Lc. lactis ssp. lactis. In the case of FSMM, most of the isolated lactobacilli were Lb. rhamnosus under our experimental conditions. These results clearly indicate that mare milk and fermented products of it are not the sole source of Lb. rhamnosus among livestock animals. On the other hand, Lb. rhamnosus was not isolated from any fermented milks of cow, yak, goat, or mare in Mongolia 39) or from koumiss, a low alcohol beverage made from mare's or camel's milk in Central Asia. 21) Therefore, the presence or predominance of Lb. rhamnosus strains in the traditional fermented dairy products is likely to stem from environmental factors such as temperature favorable to growth. Most of the lactobacilli isolated from FSMM metabolize neither sucrose nor melibiose ( Table 1 ). The latter can be obtained only by invertase-catalyzed hydrolysis of raffinose, which distributed widely in the plant world, 40) and hence most is lactobacilli in FSMM are not likely to have originated in plants.
Probiotic properties of lactobacilli isolated from FSMM
The tolerance of all the lactobacilli isolates of an acidic environment was found to be similar to that of LGG. A continuous decrease in cell viability was observed for all the strains at lower pH, but they maintained more than 10 6 CFU/mL at pH 2 (Table 3 ). In the bile test, all the isolates except for FSMM23 showed resistance at varied concentrations (0.3%-1.0%) of bile salts. In general, the survival rate was constant with increasing concentrations of bile salts, but FSMM1, FSMM19, and FSMM20 showed a tendency to decrease in viable cell numbers (Table 3) . LGG proliferated for 3 h in the artificial gastric fluid at pH 3. In contrast, none of the FSMM isolates grew under the same conditions, although they maintained high cell viability. FSMM strains showing values not greater than 0.8 of the CFU mean ratio (b/a in Table 3 ) of the artificial gastric fluid treatment were eliminated from selection. Subsequent treatment with artificial intestinal fluid damaged LGG, giving a CFU ratio of 0.8. FSMM11 and FSMM26 exhibited cell survival rates comparable to LGG, but most of the FSMM strains were severely damaged by this treatment. In selection, strains giving the CFU ratio of less than 0.7 were eliminated. Consequently, FSMM2, FSMM8, FSMM11, FSMM15, FSMM21, FSMM22, FSMM25, and FSMM26 were selected as probiotic candidates in terms of cell viability in the artificial GI fluids. It was confirmed that no lactobacilli strains, including LGG, proliferated after exposure to the artificial gastric and intestinal fluids at pH 2 by measurement of the absorbance of the culture media at a wavelength of 660 nm (data not shown).
All 14 lactobacilli strains subjected to adhesion assay against several ECM proteins and LGG exhibited adhesive properties against colonic mucin of varied strength (Fig. 1) . The adhesive properties of FSMM6, FSMM15, FSMM22, FSMM24, and FSMM26 as to the colonic mucin were comparable to that of LGG. Except for FSMM22, all of these strains showed significantly lower adhesiveness against BSA than LGG. The adhesive properties of the FSMM strains as to fibronectin and laminin were also various (Fig. 1) . When the adhesive properties of the FSMM strains as to fibronectin were compared with LGG, FSMM1, FSMM2, FSMM4, FSMM6, FSMM10, FSMM11, and FSMM20 showed significantly lower; FSMM5, FSMM9, FSMM22, and FSMM24 were similar; and FSMM15, FSMM21, and FSMM26 were significantly higher. Except for FSMM2, FSMM9, FSMM11, and FSMM15, the lactobacilli strains showed good adhesion to laminin, and FSMM22 showed highest adhesion, significantly higher than LGG.
Finally, three strains, FSMM15, FSMM22, and FSMM26, were selected as comparable to LGG in respect to their abilities in vitro to survive under artificial GI conditions and to adhere to colonic mucin ( Fig. 1 and Table 3 ). Among these, FSMM15 and FSMM26 are likely to be advantageous for colonization of the intestinal tract, because they showed higher binding ratios of mucin/BSA than LGG (Fig. 1) . Probiotics that can adhere to ECM proteins are assumed to interfere competitively with infection by enteric pathogens in that the pathogens also bind to ECM proteins. 18) We found that FSMM15/26 and FSMM22 show LGG, Lb. rhamnosus GG ATCC53103 as positive control. N.D., not detectable.
significantly higher adhesion in vitro to fibronectin and laminin respectively as compared to LGG, and hence these strains should have good potential for probiotics. In contrast, Vankerckhoven et al. pointed out the susceptibility and potential pathogenicity of clinically isolated and potential probiotic Lb. rhamnosus strains. 41) This appears to be unrelated to their binding properties as to ECM proteins, but further studies in vivo are requisite to clarify the probiotic abilities of FSMM15, FSMM22, and FSMM26. Evidence that adhesion of probiotics to ECM proteins can inhibit adhesion by and colonization of enteric pathogens in the GI tract is very scarce to date. Since at least 12 proteins of Lb. plantarum WCFS1 are predicted to be directly involved in adherence to the host, 42 ) the multiplicity of a probiotic's recognition patterns for ECM proteins probably interferes with further investigation. The use of the two isolated Lb. rhamnosus strains, FSMM15 and FSMM22, which showed discriminative adhesion to laminin, might provide a way to clarify the role of laminin in the prevention of pathogenic infection in the GI tract. FSMM numbering was applied.
LGG, Lb. rhamnosus ATCC53103. Hollow bars, cells adhering to BSA; solid bars, to laminin; shaded bars, to fibronectin; dotted bars, to colonic mucin. Ã Significantly high, p < 0:05 (n ¼ 5), versus LGG;
# significantly low, p < 0:05 (n ¼ 5), versus LGG.
